Compared with peripheral blood sampling, capillary blood collecting by finger stick is less traumatic and more convenient. To assess the sensitivity and reliability of capillary blood for the lymphocyte micronucleus (MN) assay, this study was performed in three sample groups, i.e. healthy donors (n = 3), cancer patients before treatment (n = 7), and cancer patients who were undergoing fractionated partial-body radiotherapy (n = 9). For each group, we measured three intra-individual variables, i.e. micronucleus (MN) frequency, binucleate (BN) index, and micronucleated BN index of lymphocytes obtained from capillary blood and the corresponding peripheral blood. Our results indicated that in all three sample groups, the differences in these variables between capillary blood and peripheral blood either before or after ex vivo 137 Cs irradiation (2 Gy) were insignificant. Since capillary blood is more accessible than peripheral blood, we believe that it is a reliable source for the lymphocyte MN assay especially when venipuncture is not convenient
Introduction
Micronucleus (MN) induction in interphase mammalian cells is the consequence of both DNA damage and repair. During recent years, scoring MN in cytokinesis-blocked (CB) human binucleate lymphocytes has been a sensitive in situ cytogenetic technique for assessing the magnitude of cell damage after mutagenic attack (Fenech and Morley, 1985; Hahnfeldt and Hlatky, 1994) . Since the method is relatively simple and has the ability to complement other cytogenetic analyses, the CBMN assay plays an increasingly important role in the biomonitoring of genotoxicity in human populations (Fenech, 1993) . Moreover, it has been shown also that this assay has the potential for evaluating individual radiosensitivity (Thierens et al, 1991; Floyd and Cassoni, 1994; Jones et al., 1995) .
Traditionally, researchers use peripheral blood from venipuncture for the CBMN assay, but this can be difficult, particularly in those with veins damaged from frequent sampling after radiotherapy, obese patients, or children. In contrast, the technique of capillary blood collection by finger stick is easy to perform and is minimally invasive. Xue et al. (1992) first proposed the application of human capillary blood for the MN assay. However, their recommendation was established only on the baseline MN level. Also, they did not apply the widely-used CB method which has made the MN scoring more accurate (Fenech, 1993) . To determine whether capillary blood is an acceptable alternative for the CBMN assay, it is important to verify the variability of MN frequency from both capillary blood and peripheral blood at both baseline levels and after exposure to ionizing radiation. However, no data evaluating the radiation response of capillary blood lymphocytes have been reported.
As a continuation of our systemic studies on radiationinduced damage in human lymphocytes (Lee et al., 1993 (Lee et al., , 1994 , we have investigated the sensitivity and reliability of capillary blood for the lymphocyte CBMN assay. In the three sample groups, we measured the MN frequency, binucleated (BN) index, and the micronucleated BN index in lymphocytes of capillary blood before and after ex vivo 137 Cs irradiation (2 Gy). We then compared these results with those of the corresponding peripheral blood. We found that for the CBMN assay, capillary blood is an alternative to peripheral blood when venipuncture is difficult.
Materials and methods
The subjects for this study consisted of healthy donors (n = 3), with a mean age (±SEM) of 44.3 (±6.7) years; cancer patients before radiotherapy (n = 7), with a mean age (±SEM) of 64.6 (±4.7) years; and cancer patients who were undergoing fractionated partial body radiotherapy (n = 9), with a mean age (±SEM) of 62.3 (±8.4) years. Informed consent was obtained after the nature of the procedure was fully explained.
A peripheral blood sample was collected into heparinized vacutainers from each individual. Immediately after the venipuncture, capillary blood was also collected by finger stick using a disposable Microcontainer Brand Safety Flow Lancet (Becton Dickinson, Rutherford, NJ, USA). The lancet was designed to penetrate the skin uniformly to provide adequate blood flow with minimal pain to the patient Drops of blood (0.5 ml) were collected into a heparinized vial. It took ~5 min to perform the procedure, but this could be done faster if the finger was warmed.
Wherever possible, for each sample of capillary blood and peripheral blood, four microcultures were set up. Briefly, the 3 ml total volume of each culture contained 0.1-0.3 ml of whole blood in Roswell Park Memorial Institute (RPMI) 1640 culture medium (Gibco, Grand Island, NY, USA) supplemented with other additives. Within 60 min after blood collection, two cultures were irradiated (2 Gy, 0.8 Gy/min) at room temperature wim nl Cs gamma-rays (Gamma Cell 40; Radiation Machinery Corporation, Kanata, Ontario, Canada). Immediately after irradiation, phytohaemagglutinin (PHA, HA 15; Murex Diagnostics, Norcross, GA, USA) was added to each culture at a final concentration of 270 |ig/ml (Lee et al, 1993) . The addition of cytochalasin B (6 Hg/ml) and the termination of incubation at 37°C were applied at 44 h and 72 h after the initiation of the experiment.
When harvesting, the cultures were centrifuged; pellets were treated with 0.075 M KC1 and weTe washed; the cells were fixed in methanol-acetic acid (3:1) and were gently decanted from a Pasteur pipette onto a slide (Lee et al., 1994a) . The slides were stained with 10% Giemsa (pH 7.3). The number of mononucleate, binucleate (BN), and cells with more than two nuclei were counted under X400 magnification. BN cells were identified as cells with an intact cytoplasm including those with nuclear bridges. Scoring of MN was restricted to the BN cells. Wherever possible, 1000 BN cells were scored systematically from the two slides of each radiation dose value. The MN frequency was determined by the total number of MN divided by the total number of BN cells counted. The BN index (%) was computed by the total number of BN cells divided by the total number of cells counted. The micronucleated BN index (%) was evaluated by the total number of BN cells with MN divided by the total number of BN cells counted. All measurements were summarized as the mean ± SEM determined by SAS statistical software (SAS Institute Inc., 1990), using repeated measures of analysis of variance (ANOVA). Comparisons were made between the data on three variables, i.e.
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Gy Gy Fig. 1 . Graphs summarizing three variables, i.e. MN frequencies, BN index and micronucleated (MN + ) BN index in lymphocytes from peripheral and capillary blood before and after 2 Gy ex vivo irradiation in (A) healthy donors, (B) cancer patients before radiotherapy and (Q cancer patients undergoing radiotherapy. Columns = mean of two independent determinations pooled from each individual; bars = SEM. MN frequencies, BN index, and the micronucleated BN index in lymphocytes with or without 2 Gy ex vivo irradiation obtained from both capillary blood and corresponding venous blood.
Results

MN frequency signifies mutagen-induced cytogenetic damage.
The accumulated mutagenic damage determines the baseline (0 Gy) MN frequency (Fenech, 1993) . Overall, Figure 1 shows that in the three sample groups, the differences of MN yield between capillary blood and peripheral blood is insignificant (F = 1.1,4/ = 1, P = 0.3). Also, at baseline levels, we found that the coefficients of variation (CV) of MN yield in capillary blood of all individuals was 54.0 ± 8.7 while in peripheral blood it was 58.6 ± 9.5. This extensive variability of CV implies that the intrinsic difference in radiosensitivity of lymphocytes varies individually (Thierens et al., 1991; Floyd et al., 1994) . After 2 Gy ex vivo irradiation, MN frequencies increased sharply in all blood samples (F = 90.1, df = 1, P = 0.0001). However, in both non-irradiated and irradiated cultures in the three sample groups, the MN yield of capillary blood lymphocytes was not different from that of peripheral blood (F = 1.6, df = 1, P = 0.2). This indicated that the induced DNA damage in lymphocytes was compatible both in capillary blood and peripheral blood in all studied individuals.
Due to the in vivo radiation exposures, cancer patients who were undergoing radiotherapy showed significantly higher MN yield in lymphocytes of both capillary and peripheral blood (Figure 1) . When comparing the baseline MN level with the MN induced by 2 Gy ex vivo exposure, the difference between cancer patients who were yet untreated and that of healthy donors was insignificant in both capillary blood and peripheral blood samples (P > 0.5). This correlates with our previous reports that blood lymphocytes in cancer patients are not more susceptible than healthy donors to chromosomal damage induced by ionizing radiation (Lee et al., 1993) .
The BN index reflects the proliferative status of a cell population. In cytokinesis-blocked lymphocytes, the BN index indicates the responsiveness to both PHA mitogenic stimulation and cytochalasin B of lymphocytes. In all three sample groups, we found the BN index of capillary blood lymphocytes did not differ from that of peripheral blood either before or after the 2 Gy irradiation (F = 0.9, df = 1, P = 0.3). Also, due to the radiation-induced DNA damage and mitotic delay (Lee et al., 1994) , the BN index of lymphocytes after ex vivo irradiation in blood samples exposed to radiation in all three sample groups was reduced.
The micronucleated BN index indicates the magnitude of the damaged cell population. We found that in all sample groups, either before or after ex vivo radiation exposure, the differences in micronucleated BN index of lymphocytes obtained from capillary blood and peripheral blood were insignificant (F = 0.7, df = 1, P = 0.4).
Discussion
In this comparative study of MN, BN index, and micronucleated BN index from the lymphocytes obtained from capillary blood and peripheral blood of three sample groups, we did not find significant differences in the measured parameters. These findings were consistent either at baseline level or after the 2 Gy ex vivo irradiation of blood samples. In conclusion, since the degree of DNA damage in lymphocytes of capillary blood induced by 137 Cs radiation was compatible with that of the peripheral blood, we believe that the capillary blood is an acceptable alternative to peripheral blood for the CBMN assay in healthy donors, and in cancer patients either before the treatment or undergoing fractionated partial body irradiation. Capillary blood sampling is an easier and more convenient technique than peripheral blood collecting. When venipuncture is hard to perform, finger stick alleviates the stress of multiple attempts at obtaining peripheral blood. In addition, in the case of radiation accidents, capillary blood sampling may also be more practical for mass screening and in the triage of people exposed.
